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Given the devastating effects of global warming, the problem of human-induced climate change, and in
particular carbon dioxide emissions, has been high on the global policy agenda. In this study, we examine
the relationship between national culture, carbon dioxide emissions, and economic growth in the fra-
mework of the Environmental Kuznets Curve (EKC). Applying system GMM panel estimator across 69
developed and developing countries, we conﬁrm the existence of EKC and show that culture signiﬁcantly
affects the income-emission relationship. Moreover, the effects of the six cultural dimensions on EKC can
be collapsed into two: (i) masculinity, power distance and indulgence move the EKC upward and shift the
income turning point to the left; and (ii) individualism, uncertainty, and long-term orientation move the
EKC downward while shifting the income turning point to the right. The impact of culture on EKC
remains also robust for alternative speciﬁcations. Future policy and global initiatives in sustainable
development should incorporate the multidimensional impact of culture on national behavior towards
environment and economic growth, a relationship that has been largely ignored in economic decision-
making models.
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The problem of human-induced climate change has been high
on the global policy agenda1 and will continue to be so given the
devastating trend of global warming.2 As one of the leading causes
of climate change, carbon dioxide (CO2) accounted for about 76% of
the global greenhouse gas emissions from human activities in
2010 [40]. While CO2 is naturally present in the atmosphere due to
the earth's carbon cycle (i.e., the natural circulation of carbon
between the atmosphere, oceans, soil, plants, and animals), human
activities are increasingly threatening the natural carbon balance.
This misbalancing is caused by both adding more CO2 to the
atmosphere and by impairing natural sinks’ ability to remove CO2
from the atmosphere. Reconciling human existence with envir-
onmental integrity is, therefore, one of the most challenging
environmental problems of our times.
1.1. Motivations and prior literature
Despite traditional wisdom that economic performance is
positively related to environmental degradation, the environ-
mental Kuznets curve (EKC) hypothesis that postulates a differ-
ent relationship has been gaining prominence, especially over
the last two decades, in both academic and policy circles. The
EKC hypothesis asserts that there is an inverted U-shaped rela-
tionship between environmental pollution and economic
growth. As growth tends to intensify greenhouse gas (GHG)
emissions at the early stages of development, global warming
and climate change also tend to increase. Once a country attains
a certain level of income and development, its GHG emissions
decline because of consumers’ sensibility to the environment
and continuing advancements in environmentally friendly
technology. Since the seminal contribution of Grossman and
Krueger [31], this pattern has been extensively studied for var-
ious environmental pollutants.3
While many factors have been identiﬁed as degrading the
global climate, energy consumption is invariably singled out as the
major factor. Since the 1990s, CO2 emissions from energy con-
sumption have signiﬁcantly increased in newly industrialized
countries [43]. However, the adverse effect of energy consumption
on climatic conditions may be attenuated or exacerbated by cul-
tural factors, which are embedded in all societies and change1 The United Nations Framework Convention on Climate Change (UNFCC) was
signed at the Rio Earth Summit more than two decades ago. There were three
global summits in 2015 that constitute an important contribution to the post-2015
development agenda: (a) the 3rd International Conference on Financing for
Development that aims to chart reforms of the global ﬁnancial system (July, Addis
Ababa); (b) the United Nations Summit to adopt Sustainable Development Goals to
guide national and global policies to 2030 (September, New York); and (c) the 21st
session of the Conference of the Parties to the UNFCCC to adopt a global agreement
to address the growing dangers of human-induced climate change (December,
Paris).
2 Global warming is on course to reach 4–6 °C by the end of the century, which
can disrupt global food production and increase the frequency of extreme weather
incidents according to Sachs [62].
3 Comprehensive review of the literature is provided by Dinda [21] and Stern
[67]. Aslanidis' [7] review of the literature on the validity of EKC speciﬁcally for CO2
emissions is of particular relevance here. The evidence of EKC is not applicable in all
countries, for example, Jaunky [41] ﬁnds that EKC is applicable to only Greece,
Malta, Oman, Portugal and the United Kingdom, out of 36 high-income countries
for the period 1980–2005.slowly. Cultural values determine the behavior of individuals and
groups in their relation to authority, self-conception, primary
conﬂicts and the ways of dealing with them [39]. This explicates
why cultural values are increasingly recognized as being important
in environmental outcomes [20,53].
The purpose of this study is to provide a better understanding
of the relationship between national cultures, economic growth
and carbon dioxide emissions in the EKC framework. Therefore,
this study ﬁts within a larger literature that has veriﬁed various
factors inﬂuencing the EKC relationship. Panayotou [55] reports
that institutional factors, such as secure property rights and better
enforcement of contracts, can help ﬂatten the EKC for sulfur
dioxide across countries. Likewise, Culas [18] shows that secure
property rights and better environmental policies can reduce the
height of EKC for deforestation across 14 developing countries
from Latin America, Africa and Asia. Bhattarai and Hammig [10]
ﬁnd evidence that other institutional structures, such as political
and civil liberties, also shift the EKC for deforestation downwards.
Dutt [23] shows that better governance, institutional quality,
socioeconomic conditions, and education inﬂuence the shape of
EKC for CO2. Based on a cross-country panel data set, Coondoo and
Dinda [17] broadly conﬁrm that inter-country income inequality
has a signiﬁcant effect on the mean CO2 emissions of country
groups. Leitão [46] documents a positive relationship between a
country's level of corruption and income threshold beyond which
sulfur emissions decline. Martínez-Zarzoso and Maruotti [50]
cannot conﬁrm the EKC hypothesis, but rather ﬁnd an inverted U-
shaped relationship between urbanization and CO2 emissions.
More recently, Ibrahim and Law [38], using panel data for 69
countries, demonstrate that social capital has a mitigating effect
on EKC for CO2 emissions.
4
Despite the importance of culture in shaping human behavior,
only a limited number of studies have speciﬁcally addressed the
role of culture in environmental performance. For example, using
Hofstede's [33] cultural dimensions, Husted [37] demonstrates
that there is a relationship between a country's cultural char-
acteristics (power distance, individualism, and masculinity) and its
social and institutional capacity for environmental sustainability.
In a cross-country study, Park et al. [58] examine the role of cul-
ture in inﬂuencing the composite Environmental Sustainability
Index. While they ﬁnd that both power distance and masculinity
are negatively related to environmental sustainability, they also
show that the applicability of the EKC hypothesis is limited when
cultural variables are included in their model. Peng and Lin [59]
found that national culture values, particularly power distance and
masculinity, have signiﬁcant effects on environmental perfor-
mance. A summary of selected literature review on key factors
inﬂuencing the shape of EKC is provided in Table 1.
1.2. Our work
The salient features of this paper are as follows. First, given the
limited work on the inﬂuence of culture in the EKC relationship,
our aim is to further the understanding of the dynamics of the
income-emission relationship. Similar to social capital, cultural
capital (i.e., the knowledge of informal institutions) not only4 See also Grafton and Knowles [29] who found little empirical support for the
beneﬁcial effect of social capital on national environmental performance.
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M. Disli et al. / Renewable and Sustainable Energy Reviews 62 (2016) 418–428420deﬁnes rules or constraints for economic behavior (including self-
interest), but also serves as self-enforcement mechanisms (for the
collective interest of society). Second, since environmental pro-
blems emerge during the early stages of economic growth, they
have stronger ramiﬁcations for poor and developing countries.
Therefore, there is a need to explore whether cultural capital is a
factor that can inﬂuence the EKC for CO2 emissions. In particular,
we are interested in identifying which cultural dimensions would
shift the EKC upwards (i.e., more carbon emissions for the same
level of economic output) and which dimensions would shift the
EKC downwards (i.e., less carbon emissions for the same level of
economic output). In addition, cultural values may also shift the
income turning point to the left or right side of the curve corre-
sponding to the maximum level of the EKC in which carbon
emissions begin to decrease as per capita income increases. Third,
by employing a panel dataset, we use a different approach than
Park et al. [58] and hence we are able to account for unobserved
heterogeneity across countries. Furthermore, the use of a more
efﬁcient system GMM estimator of Arellano and Bover [6] and
Blundell and Bond [13], which exploits the stationarity restric-
tions, offers more robustness to the results than the standard OLS
or the ﬁrst-differenced GMM estimation methods. Fourth, the
subject matter is especially timely given the recent United Nations’
recognition of culture as an important driver and enabler of
environmental sustainability. In fact, leaving out the cultural
context has been blamed for the “failure of well-intentioned
development programs and the gaps in achieving the MDGs
(Millennium Development Goals)”, revealing the “inadequacy of
universal policies and approaches to development” ([70], p. 5).
The baseline results conﬁrm the existence of EKC: CO2 emis-
sions increase as per capita income increases; but decrease as
rising per capita income crosses a threshold. Extending the basic
model with cultural dimensions relaxes the homogenous EKC
pattern across all countries. Culture signiﬁcantly affects the
income-emissions relations, and the effects of the six cultural
dimensions on EKC can be collapsed into two divergent patterns:
(i) masculinity, power distance and indulgence dimensions move
the EKC upward and shift the income turning point to the left; and
(ii) individualism, uncertainty, and long-term orientation dimen-
sions move the EKC downward while shifting the income turning
point to the right. The impact of culture on EKC remains robust for
alternative speciﬁcations.
The remainder of this article is organized as follows. In Section
2, a series of research hypotheses pertaining to the dimensions of
national culture is proposed. The empirical framework, including
data and variables, is described in the third section. Empirical
results and robustness analysis are reported and discussed in
Section 4. Policy implications and concluding remarks are pro-
vided in the last section.2. Hypotheses development
National cultures serve as a dominant frame of reference since
they provide guidance for individual behavior and regulations for
group interaction and collaborations. Culture consists of values,
beliefs and norms, and serves as a strong informal institution that
shapes human interactions [33,53]. Hofstede [32] deﬁnes culture as
the “collective programming of the mind” that distinguishes the
members of one category of people from another. Given the
importance of culture, we examine how speciﬁc cultural values of a
country inﬂuence its environmental performance in an EKC fra-
mework. Hofstede et al. [34] delineated six dimensions of cultural
values that characterize different cultures across countries: (1)
High-Power versus Low-Power Distance (PDI); (2) Individualism
versus Collectivism (IND); (3) High-Risk versus Low-Risk Avoidance
M. Disli et al. / Renewable and Sustainable Energy Reviews 62 (2016) 418–428 421(UAI); (4) Masculinity versus Femininity (MAS); (5) Long-term
versus short-term orientation (LTO); and (6) Indulgence versus
Restraint (IVR). These cultural dimensions have been found effective
and are widely adopted in explicating various socio-economic
phenomena.
Each dimension and its expected inﬂuence on EKC are ﬁrst
discussed separately below, followed by a discussion of culture's
inﬂuence on the turning point of EKC.
2.1. High- versus low-power-distance (PDI)
Power distance refers to the extent of inequality of power
within a country (or an organization) and the degree of acceptance
by the citizens (or by the members of the organization) of such an
imbalanced distribution of power [33,44]. Countries with a high
degree of power distance are characterized by undemocratic
decision structures, concentration of authority and extensive use
of formal rules. Hofstede [33] notes strong parallels between high-
power-distance and paternalism. In paternalistic cultures, those in
authority provide favors to subordinates in return for their loyalty
and deference. In these societies, decisions are not made on behalf
of public interest, but rather on the basis of a balance between
favors and loyalty [33,37]. High-power-distance cultures are also
expected to sacriﬁce ethics and sustainability in favor of expe-
diency [12,14,35,37,69,71]. In the case of deforestation programs in
Nepal, Metz [51] found that power distance can hinder the
implementation of the program as bureaucrats “who implement
development programs advance professionally and personally
more by the inﬂuence of higher-level sponsors than by job per-
formance and technical competence” (p. 809). Based on these
arguments, it is expected that environmental considerations are
not salient in a speciﬁc society with high levels of power distance.
Hence,
Hypothesis 1. A higher level of power distance in a country will
shift its CO2 EKC upwards.
2.2. Individualism versus collectivism (IND)
The individualism–collectivism dimension refers to the form of
relationship between the individual and the group to which the
individual belongs [33]. Individualistic societies provide a crucial
forum for self-empowerment and individual responsibility,
whereas collectivist societies place a greater emphasis on group
cohesiveness and consensus. In societies with low individualistic
tendency, non-conformist views are not rooted and critical atti-
tudes are not appreciated; limiting the space for initiatives by
individual members [37]. In such societies, environmental pro-
tection movements, which are critical by their very nature, are not
well-developed. In fact, as a result of the activity of widely dis-
persed interest groups, the environmental initiatives were found
much more prevalent in societies that supported the individualism
end of the spectrum [22,64,72]. Furthermore, several authors have
argued that collectivists will favor in-groups at the expense of out-
groups, giving rise to corruption and ethical insensitivity (e.g.
[19,35,36,57,69]). Hence,
Hypothesis 2. A higher level of individualism in a country will
shift its CO2 EKC downwards.
2.3. High versus low uncertainty avoidance (UAI)
Uncertainty avoidance reﬂects a society's tolerance for uncer-
tainty and ambiguity [33]. It reﬂects the extent to which members
of a society attempt to cope with ambiguous situations. Uncertainty
avoiding societies tend to be more emotional, exhibit an aversiontowards change, and are vigilant against unknown threats. In con-
trast, societies with low uncertainty avoidance socialize their people
into accepting or tolerating uncertainty. Hence, from an ecological
perspective, to cope with still rather unknown environmental
challenges, a higher level of uncertainty avoidance mobilizes cor-
porations and societies to structure their operating framework with
procedures, rules and norms [56]. Since environmental change
imposes substantial challenges, it is reasonable to expect that high
uncertainty avoiding societies act proactively to maintain or even
improve environmental quality. Hence,
Hypothesis 3. A higher level of risk avoidance in a country will
shift its CO2 EKC downwards.
2.4. Masculinity versus femininity (MAS)
The masculinity-femininity dimension refers to the degree to
which the values of a society are deﬁned by assertiveness (mas-
culine) versus nurturance (feminine). Masculine values are sup-
posed to be assertive, tough, and focused on material success,
whereas feminine values are supposed to be more modest, tender,
and concerned with the quality of life [33]. Because of their focus
on material wealth, masculine societies tend to favor economic
growth over environmental issues [33,37]. In contrast, feminine
societies focus more on social dynamics, and females traditionally
take more responsibility for social needs [25]. Furthermore,
females tend to be more conscious about environmental issues
and ecological balancing [24,27]. Accordingly, females are more
likely than males to show positive attitudes and behavior to pro-
tect the nature and environment. Hence,
Hypothesis 4. A higher level of masculinity in a country will shift
its CO2 EKC upwards.
2.5. Long-term versus short-term orientation (LTO)
Long-term orientation refers to the degree to which members of
a society orient their thinking towards the more distant future.
Values associated with long-term orientation are thrift and perse-
verance, whereas values associated with short-term orientation are
respect for tradition and fulﬁlling social obligations [33]. Speciﬁ-
cally, in long-term oriented cultures, actions are driven by long-
term goals and results, rather than short-term outcomes and the
need for immediate gratiﬁcation. Short-term oriented cultures may
give too little weight to the future effects of their current decisions,
whereas long-term oriented cultures may prefer to sacriﬁce now for
future beneﬁts [45]. Since the global economy is still heavily
dependent on relatively inexpensive fossil fuels, a transition
towards renewable sources will likely cause more present-day
economic pain for short-term oriented cultures. Hence,
Hypothesis 5. A higher level of long-term orientation in a country
will shift its CO2 EKC downwards.
2.6. Indulgence versus restraint (IVR)
Indulgence refers to the gratiﬁcation of natural human drive to
enjoy life, whereas restraint is manifested in a society that controls
such gratiﬁcation so that individuals feel constrained to enjoy their
lives [34]. Indulgent societies are especially tolerant towards
individuals’ desires to enjoy themselves and spend money.
Restrained societies have a conviction that such gratiﬁcation needs
to be curbed and regulated. Although this dimension has not been
widely tested, it is expected that indulgent societies are char-
acterized by a more wasteful and extravagant lifestyle which, in
turn, will add to environmental pollution. In contrast, salient
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can reduce pollution. Hence,
Hypothesis 6. A higher level of indulgence in a country will shift
its CO2 EKC upwards.
2.7. Turning point shifts
In addition to the upward or downward pressure on EKC, the
cultural dimensions may also shift the income turning point to the
left (lower levels of GDP) or to the right (higher levels of GDP).
However, it is possible that while a particular cultural dimension
shifts the EKC upwards, the same cultural dimension might in fact
shift the turning point to the left. For instance, although it is
hypothesized that high-power-distance would shift the EKC
upwards, it is possible that, with rising income levels, high-power-
distance cultures can impose environmental standards that more
democratic cultures would not. Similarly, while cultures with a
high degree of masculinity may favor economic growth more than
environmental protection, masculine cultures might be inclined to
combat the problems by coercion rather than consent, the latter
being a slow-paced process, when environmental degradation
reaches an alarming level. This suggests that the relationship
between culture and EKC might be more complex than previously
thought.5 The country-ﬁxed effects in the equations make the separate inclusion of
time-invariant cultural variables redundant.3. Empirical approach and data
In this section, we specify the empirical model (Section 3.1),
motivate the estimation strategy (Section 3.2), and discuss our
data (Section 3.3).
3.1. Model speciﬁcation
Similar to Apergis and Payne [4] and Ibrahim and Law [38], we
adopt a standard quadratic relation between CO2 emissions and
income, with energy use as a control variable:
LCO2it ¼ αiþαtþα1LCO2it1þα2LGDPitþα3LGDP2itþα4LECitþεit
ð1Þ
where subscripts i and t refer to country and year respectively,
CO2 is the carbon dioxide emissions (measured in metric tons per
capita), GDP refers to the real GDP per capita, EC is the energy use
(measured in kilogram of oil equivalent per capita). Variables are
expressed in natural logarithms (termed with the preﬁx “L”).
Country (αi) and time-ﬁxed-effects (αt) are included to control for
unobserved country and time-variant common shocks, respec-
tively, and εit is the error term for country i in year t. The lagged
dependent variable is included to capture temporal dependence
in CO2 emissions, which can be justiﬁed by gradual changes in
the production structure and technology. According to the EKC
hypothesis, an inverted-U curve is obtained when CO2 emissions
initially increase and subsequently decline with per capita GDP.
Hence, the expected outcome is α240 and α3o0. Based on Eq.
(1), the income turning point (in natural logarithm) is calculated
as α2=α3.
Note that Eq. (1) is very restrictive since it assumes a homo-
genous pattern of the EKC for all countries. In reality, however, the
income-emissions proﬁles are likely to be different across coun-
tries at any particular level of income (e.g., [47,15,38]). In order to
examine the hypothesis, i.e., that the cultural dimension can be
relevant in explaining the difference in income-emission patterns
across countries, the analysis extends Eq. (1) by incorporating
cultural factors interactively with real income and real incomesquared.5 Namely,
LCO2it ¼ αiþαtþα1LCO2it1þα2LGDPitþα3LGDP2itþα4LECit
þα2 LGDPit  CULið Þþα3 LGDP2it  CULi
 
þεit ð2Þ
where CULi is an array of cultural dimensions that includes the
indexes on power distance (PDI), individualism (IND), uncertainty
avoidance (UAI), masculinity (MAS), long-term orientation (LTO)
and indulgence versus restraint (IVR) for country i. These cultural
dimensions vary across countries, but they are invariant across
time for a given country. α2 is a vector of coefﬁcients corre-
sponding to the interaction of these cultural variables with real
income, and α3 is a vector of coefﬁcients corresponding to the
interaction of the same cultural variables with real income
squared. For α2, the aforementioned hypotheses predict that the
coefﬁcients on PDI, MAS, and IVR are positive (EKC shifts
upwards), while the coefﬁcients on IND, UAI; and LTO are negative
(EKC shifts downwards). Based on Eq. (2), for a speciﬁc cultural
dimension, the EKC is supported when α2þ α2  CULi
 
is positive
and α3þ α3  CULi
 
is negative, and the income turning point is
calculated as:
 α2þ α2  CULi
  
=2 α3þ α3  CULi
   ð3Þ
From Eq. (3), it can be derived that the income turning point is
lowered with a higher level of a speciﬁc cultural dimension if α3 is
signiﬁcantly less than 0. However, if α3 is signiﬁcantly positive, the
shift in the income turning point (either to the left or right)
depends on the relative size (in absolute terms) of α2 and α

3.
3.2. Estimation method
To assess the relationship between culture, CO2 emission and
income in a panel data setting, we use the generalized method of
moments (GMM) estimator developed for dynamic panel models
by Arellano and Bond [5] and Arellano and Bover [6]. The GMM
method addresses the problem of country-speciﬁc effects, poten-
tial endogeneity of all the explanatory variables and the lack of
good external instruments in models using pooled OLS regression,
ﬁxed-effect panel and random-effect panel regressions. By taking
the ﬁrst differences of the equation, the GMM method removes
the country-speciﬁc effects or time-invariant country-speciﬁc
variable. Differencing introduces a new bias, i.e., the new error
term is correlated with the lagged dependent variable. This can be
instrumented with lags that are in levels, lagged two or more
periods. Using moment conditions, Arellano and Bond [5] propose
a two-step ﬁrst-difference GMM estimator. In the ﬁrst step, error
terms are assumed to be independent and homoscedastic across
countries and over time. In the second step, the residuals from the
ﬁrst step are used to construct a consistent variance-covariance
matrix, which relaxes the assumptions of independence and
homoscedasticity. The two-step estimator is, therefore, asympto-
tically more efﬁcient than the ﬁrst-step estimator.
However, the ﬁrst-difference estimator has shortcomings. The
estimator neglects potential information in the level relationship
and in the relations between the levels and the ﬁrst differences [2].
Blundell and Bond [13] show that lagged levels of persistent
explanatory variables are weak instruments for regression equa-
tions in differences. This affects the asymptotic and small-sample
performance of the estimator as it increases the variance of the
coefﬁcients. Another shortcoming is that differencing may intensify
the bias due to measurement errors in variables by reducing the
signal-to-noise ratio [30]. To reduce the potential biases and
imprecision in the difference estimator, we employ the two-step
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with the regression in levels within a system [13,6]. The system
panel estimator can produce signiﬁcant enhancement in con-
sistency and efﬁciency according to Blundell and Bond [13]. The
level regression is instrumented with the lagged differences of the
corresponding variables while the ﬁrst-differenced regression is
instrumented with lagged level variables. As the lagged levels are
used as instruments in the regression in differences, only the most
recent difference is used as an instrument in the regression in
levels.
The consistency of the GMM estimator is subject to the validity
of the instruments and the validity of the assumption that the
error terms are not serially correlated. This can be examined by
two speciﬁcation tests suggested by Arellano and Bond [5]; Are-
llano and Bover [6] and Blundell and Bond [13]: a Sargan test of
over-identifying restrictions and a serial correlation test in the
error term. The Sargan test examines the overall validity of the
instruments by analyzing the sample analog of the moment con-
ditions used in the estimation process. Failure to reject the null of
the Sargan test would imply the validity of the instruments and
correct speciﬁcation of the model. The serial correlation test
examines the hypothesis that the error terms do not exhibit serial
correlation by analyzing whether the differenced error term is
second-order serially correlated. For the model to satisfy this test,
the null of the absence of the ﬁrst order serial correlation (AR1)
should be rejected while the null of the absence of the second
order serial correlation (AR2) should not be rejected.
3.3. Data description
We use a panel sample of 69 developed and developing coun-
tries over the period 2000–2008.6 Six widely used cultural
dimensions are adopted from Hofstede. In the analysis, the score of
power distance ranges from 11 (Austria) to 104 (Slovak Republic);
individualism from 12 (Venezuela) to 91 (United States); masculi-
nity from 5 (Sweden) to 110 (Slovak Republic); uncertainty avoid-
ance from 23 (Denmark) to 112 (Greece); long-term orientation
from 6.8 (Egypt) to 100 (Korea); and indulgence from 4.24 (Egypt)
to 100 (Venezuela). CO2 emissions (CO2) are measured by carbon
dioxide emissions measured in metric tons per capita while real
GDP per capita in constant 2000 US dollar (GDP) is used as a proxy
of economic development or income level. Energy consumption
(EC), represented by energy use (kilogram of oil equivalent per
capita), is a signiﬁcant factor that contribute to more emissions in
different countries and regions [42,43,52,54,8,9].
For controlled variables in the robustness analysis, we use the
ratio of trade (exports and imports) to GDP for trade openness
(OPEN), ﬁxed capital formation to GDP for investment (INV), and
the percentage of population in urban areas for urbanization
(URBAN). The role of trade openness in emission is mixed. In some
studies, trade openness is pro-environment as international trade
becomes a competitive source of environmental friendly produc-
tion and efﬁcient technologies that can improve the industrial
structure of an economy [11,26,3,49,65,8]. Other studies conclude
that international trade is harmful for the environment in cases
where the comparative advantage of a country is in pollution
heavy industries or when high level of exports result in excessive
economic growth that increases emissions [1,48,52,68]. Fixed
capital formation to GDP has been used as controlled variables in6 The nine-year period is suitable for the Sargan test of over-identifying
restrictions in the GMM panel analysis [61]. The 2000–2008 period witnessed an
unprecedented global economic growth causing heightened concerns about
environmental degradation (see also [38]). Furthermore, the cross-country nature
of our dataset captures sufﬁcient variation in the environmental exposure to
development.recent studies such as Soytas and Sari [66]), Zhang and Cheng [73]
and Ghosh [28], while urbanization, as a phenomenon of economic
and social modernization from agricultural-based to industrial and
service sector based economies, has been examined in Poumany-
vong and Kaneko [60], Martínez-Zarzoso and Maruotti [50], and
Kasman and Duman [43]. These data are sourced from the World
Development Indicators.4. Results and discussion
In Section 4.1, we present and discuss the estimation results; in
Section 4.2, we further clarify our ﬁndings by simulating the EKC
for various levels of two representative cultural dimensions; in
Section 4.3, we establish the robustness and validity of our
ﬁndings.
4.1. Results: empirical analysis
In Table 2, we present the results for the baseline EKC speciﬁ-
cation (Eq. (1)) and the cultural treatment speciﬁcation (Eq. (2)).
Speciﬁcally, column 1 contains the estimation results for the EKC
speciﬁcation, whereas columns 2–7 represent the extended EKC
speciﬁcations with each cultural dimension separately included.
Speciﬁcation test statistics used to assess the suitability of the
system-GMM model speciﬁcation are also provided. The Sargan
test does not reject the over-identifying restrictions, suggesting
that the instruments are not correlated with the error term and,
thus, are valid. Furthermore, the serial correlation tests reject the
absence of ﬁrst order serial correlation, while accepting the
absence of second order correlation.
The estimated coefﬁcients in Eq. (1) (column 1) conﬁrm the
expectations that CO2 emissions are positively inﬂuenced by both
past emissions and energy use. More importantly, the empirical
results validate the EKC hypothesis: CO2 emissions increase as per
capita income increases (signiﬁcantly positive coefﬁcient for LGDP),
but begins to decrease as rising per capita income passes beyond a
turning point (signiﬁcantly negative coefﬁcient for LGDP2). Holding
all else constant, using the coefﬁcients on LGDP and LGDP2, the
turning point for CO2 emissions is calculated to be USD 1639. This
turning point estimate is somewhere between the results found by
Ibrahim and Law [38] (USD 1431 in a cross-country study) and Atici
[8] (USD 2077 for the Central and Eastern European Countries
(CEEC)). On the other hand, this estimated income threshold is
substantially lower than those for OECD countries [16] and the
United States [63]. However, the results suggest that 26% of the
countries in the sample lived on the problematic side of the Kuznets
curve. On the methodological differences, Ibrahim and Law [38],
argue that a growing global awareness for environmental protec-
tion in recent times might be another factor for the leftward shift in
the income turning point. Furthermore, given technological
advances, countries have become increasingly capable of abating
ecological degradation even in their early stages of development.
In order to relax the common EKC frontier assumption, the EKC
is estimated with the presence of cultural differences across coun-
tries. For different cultural dimensions, estimation of Eq. (2) is also
presented in Table 2 (columns 2–7). In column 2 (the power-
distance cultural dimension), the estimated coefﬁcient of real GDP
is 0:50017þ 0:00277 PDIið Þ, while the estimated coefﬁcient of real
GDP squared is 0:03213 0:00018 PDIið Þ. Several noteworthy
points emerge from these results. First, they suggest that the EKC
remains valid for the power-distance dimension: the coefﬁcient of
real GDP remains positive, and the coefﬁcient of real GDP squared
preserves its negative sign. Second, given the signiﬁcance of both
interaction variables (LGDP PDI and LGDP2  PDI), the results
indicate that the power-distance cultural dimension inﬂuences EKC.
Table 2
Baseline results and cultural interactions.
(1) (2) (3) (4) (5) (6) (7)
Constant 8.74807*** 7.91692*** 10.12384*** 7.30598*** 7.62790*** 8.31492*** 7.52995***
(15.80) (21.99) (17.46) (15.66) (20.64) (14.44) (13.84)
LCO2 (lag) 0.26852*** 0.35153*** 0.27112*** 0.35663*** 0.29291*** 0.28367*** 0.31523***
(8.26) (15.75) (11.35) (15.09) (12.54) (8.09) (8.53)
LGDP 0.92819*** 0.50017*** 1.49707*** 0.63615*** 0.53371*** 0.88441*** 0.53103***
(8.98) (5.36) (10.34) (5.64) (8.05) (7.96) (4.95)
LGDP² 0.06270*** 0.03213*** 0.10701*** 0.05558*** 0.03631*** 0.07131*** 0.03135***
(9.54) (6.68) (10.09) (6.85) (8.08) (9.30) (4.23)
LEC 0.87718*** 0.84602*** 0.84457*** 0.87906*** 0.87112*** 0.95218*** 0.86667***
(20.87) (24.79) (29.56) (21.76) (27.41) (21.31) (18.39)
LGDPPDI 0.00277***
(4.62)
LGDP²PDI 0.00018***
(3.18)
LGDP IND 0.00423***
(3.91)
LGDP² IND 0.00048***
(4.48)
LGDPUAI 0.00139*
(1.83)
LGDP²UAI 0.00022***
(2.88)
LGDPMAS 0.00334***
(4.55)
LGDP²MAS 0.00031***
(4.37)
LGDP LTO 0.00262**
(2.13)
LGDP² LTO 0.00029**
(2.54)
LGDP IVR 0.00242***
(2.70)
LGDP² IVR 0.00032***
(3.65)
Year-ﬁxed effects Yes Yes Yes Yes Yes Yes Yes
Sargan test: p-value 0.6473 0.3731 0.3515 0.3207 0.4284 0.7273 0.7306
AR1: p-value 0.0044 0.0054 0.0096 0.0034 0.0085 0.0077 0.0024
AR2: p-value 0.5257 0.5077 0.5003 0.5186 0.4531 0.5788 0.7110
Observations 552 440 440 440 440 544 552
Number of countries 69 55 55 55 55 68 69
Note: Figures in parentheses are t-statistics. Superscripts *, **, *** indicate statistical signiﬁcance at 10%, 5%, and 1% levels, respectively.
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Hypothesis 1, that the environmental costs of economic develop-
ment are higher in countries with high power distance for a given
the level of development and energy use. In other words, the EKC
shifts upward in countries with more power distance. Finally, the
negative coefﬁcient of LGDP2  PDI suggests that the income
turning point is lower for high power distance nations. As men-
tioned before, a negative coefﬁcient on LGDP2 interaction with CUL
always shifts the turning point to the left, irrespective of the cultural
dimension. Even so, the extent of the leftward shift is positively
determined by the extent of the index.
For a given level of income, high-power distance countries are
more pollution-intensive compared to low-power distance coun-
tries. However, with rising income levels, high-power distance
nations are able to impose more drastic environmental policies
without having the consent of many of their citizens. Similar
conclusions can be reached for two other cultural variables: MAS
and IVR (column 5 and 7, respectively). Although both dimensions
have a signiﬁcant inﬂuence, through their interactions with real
income and real income squared, the EKC still remains intact.
Furthermore, the positive coefﬁcients of LGDPMAS and LGDP
IVR conﬁrm Hypothesis 4 and Hypothesis 6, that masculinity and
indulgence are expected to shift the EKC upwards. Finally, the
negative coefﬁcients on LGDP2 MAS and LGDP2  IVR suggest
that both of these cultural dimensions move the turning point
leftwards. In the early stages of development, governments inmasculine (as opposed to feminine) cultures give priority to eco-
nomic growth and sacriﬁce the living environment for this pur-
pose. However, when ecological degradation reaches a critical
point, it appears that masculine nations are more able to develop
effective environmental policies. Masculine cultures are more
inclined to impose ﬁnancial and/or criminal penalties to enforce
environmental compliance, which apparently produce better short
run results than feminine cultures, where a preference for sensi-
tizing people to environmental problems seems more likely.
Although indulgent societies produce more environmental pollu-
tion, because of the leftward shift of the income turning point, it
seems that they are also more capable of abating this degradation
than their restrained counterparts. Once the degradation reaches a
critical value, the perception of personal life control, determina-
tion and positive emotions in an indulgent society seem to be
more effective in bringing environmental discipline back on track.
In contrast, in restrained cultures, once a critical environmental
threshold is reached, a sense of helplessness hinders the ability to
cope with environmental challenges.
In column 3, considering individualism (IND), the estimated
coefﬁcient of real GDP becomes 1:49707 0:00423 INDið Þ,
whereas the estimated coefﬁcient of real GDP squared adjusts to
0:10701þ 0:00048 INDið Þ. Again the validity of the EKC is not
in question since the coefﬁcient of real GDP stays positive while
that of real GDP squared becomes negative independent of the
level of the individuality dimension. Furthermore, the signiﬁcant
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Fig. 2. Simulated EKC for three alternative levels of individualism.
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tations of Hypothesis 2. On the other hand, the positive coefﬁcient
of LGDP2  IDV suggests that the turning point can shift to the left
or the right for countries with strong individualism characteristics,
depending on the relative reduction in the coefﬁcient of real GDP
vis-à-vis the reduction in the coefﬁcient of real GDP squared. The
same conclusions can be drawn for uncertainty avoidance (UAI)
and long-term orientation (LTO) in column 4 and 6, conﬁrming
Hypotheses 3 and 5 respectively. Further, the income turning point
shifts to the right with increasing levels of IND; UAI, and LTO.
4.2. Simulated EKC for PDI and IND
The results above suggest that the effects of the six cultural
dimensions on EKC can be classiﬁed into two categories: (i) EKC
shifts upward and income turning point moves to left, and (ii) EKC
shifts downward and the income turning point shifts to the right.
Therefore, for purposes of clariﬁcation, we illustrate how the
shape of the EKC is affected by two representative cultural
dimensions: power distance (PDI) and individualism (IND). We
ﬁrst simulate the EKC for various levels of PDI. In evaluating the
impact of PDI on the EKC, it is important to note that the initial
CO2 emissions and energy use are kept constant. The initial CO2
emission per capita is set to 0.276 and the energy use per capita is
kept constant at 166.35 kg of oil equivalents. These ﬁgures
resemble the average ﬁgures of Bangladesh. Then, the EKC curves
are presented for three alternative levels of power distance. These
are (i) PDI¼80, (ii) PDI¼58, and (iii) PDI¼11, which correspond
respectively to the case of Bangladesh, the average PDI, and the
minimum PDI in the sample. In essence, we want to show how the
EKC is affected by varying levels of cultural capital and in this case
by the power-distance dimension.
We present the simulated EKC in Fig. 1, where the vertical axis
measures the CO2 emissions per capita (in metric tons) while the
horizontal axis corresponds to the GDP per capita (in natural
logarithm). The vertical lines denote the income turning points for
the three alternative levels of power distance. The ﬁgure illustrates
that the EKC shifts substantially upwards for higher levels of
power distance. In other words, the pollution levels from countries
that are in the same stage of development are heavily affected by
power distance. For instance, at the income level of 7 (per capita
real GDP¼USD 1097) and holding other variables constant, the
expected carbon emissions are 0.291, 0.232 and 0.142 for PDI¼80,
PDI¼58 and PDI¼11, respectively. However, although the differ-
ences are not large, the graph shows also that the income turning
point shifts to the left with increasing levels of PDI.
In Fig. 2, the simulation of EKC is presented for varying levels of
IND. For purposes of convenience, we again use the average initial
CO2 emissions and energy use ﬁgures of Bangladesh. The three
alternative levels of individualism are (i) 20, (ii) 48, and (iii) 91,
which respectively match the ﬁgure for Bangladesh, average IND,
and maximum level of individualism in the sample. The ﬁgure0.280
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Fig. 1. Simulated EKC for three alternative levels of power distance.illustrates that the EKC shifts downward as individualism increa-
ses. Holding other factors constant, the environmental beneﬁts of
individualism appear to be substantial at lower income levels. As
an example, at the income level of 6.4 (per capita real GDP¼USD
602) and holding other variables constant, the expected carbon
emissions are 0.321, 0.261 and 0.189 for IND¼20, IND¼48 and
IND¼91, respectively. From the ﬁgure, the income threshold point
shifts to the right with higher levels of IND. Plausibly, this might be
attributable to the fact that the incremental environmental costs of
economic development are signiﬁcantly less for nations with high
individualism.7
4.3. Robustness analysis
For robustness purposes, a variety of additional variables are
considered, including trade openness, ﬁxed capital formation, and
urbanization. Our results are presented in Table 3. Given these
additional controls, the validity of the EKC hypothesis is still sup-
ported: the coefﬁcient of GDP remains positive and the coefﬁcient
of GDP squared remains negative. Equally important, the impact of
culture on the pollution-growth nexus is conﬁrmed. Our previous
results are largely unaffected by these alternative estimations. The
results indicate that countries’ exposure to trade (the LOPEN vari-
able) only enter the EKC speciﬁcations with UAI and PDI with a
negative sign. This ﬁnding lends some support to the view that
globalization is helpful in controlling the per capita pollution levels.
Similarly, the ﬁxed capital formation variable (LINVEST) enters the
speciﬁcations with a signiﬁcant and negative coefﬁcient, suggesting
that capital formation is conducive for environmental quality since
it allows more rapidly the adoption of low-pollution and energy-
efﬁcient processes. On the other hand, we ﬁnd little support for the
view that urban density leads to more pollution. While LURBAN
variable has a positive coefﬁcient in all speciﬁcations, it is only
statistically signiﬁcant in one instance, i.e. in column 3.5. Conclusions and policy implications
Every helpful policy instrument and incentive will be needed in
the challenging global drive to decarbonize our shared environ-
ment. Up to now, policymakers have focused largely on physical
policies such as increased efﬁciency in energy use in transporta-
tion, industry and in buildings, and on fuel switching policies
towards low carbon sources. We have shown that, in addition to
the level of income, culture is an important factor in the income-
emission relationship. The effects of the six cultural dimensions on
the Environmental Kuznets Curve (EKC) can be aggregated into7 Ibrahim and Law [38] provide a similar explanation for the impact of social
capital on EKC.
Table 3
System GMM estimation with additional control variables.
(1) (2) (3) (4) (5) (6) (7)
Constant 8.9696*** 7.6947*** 9.2965*** 7.7909*** 7.3124*** 8.5650*** 7.2058***
(14.38) (16.48) (14.62) (14.70) (19.01) (13.77) (11.65)
LCO2 (lag) 0.2684*** 0.3613*** 0.3024*** 0.3414*** 0.3105*** 0.2759*** 0.3109***
(8.27) (17.38) (13.34) (13.16) (14.82) (8.10) (8.79)
LGDP 0.7842*** 0.3115*** 1.1365*** 0.8387*** 0.4575*** 0.9115*** 0.2165
(5.70) (3.15) (7.88) (5.76) (5.07) (7.21) (1.29)
LGDP² 0.0576*** 0.0216*** 0.0859*** 0.0692*** 0.0366*** 0.0713*** 0.0106
(6.87) (4.25) (8.11) (6.77) (6.32) (8.76) (1.00)
LEC 0.9457*** 0.8974*** 0.8410*** 0.9191*** 0.9032*** 0.9642*** 0.9218***
(25.73) (27.56) (30.11) (26.59) (32.03) (23.15) (21.25)
LGDP x PDI 0.0037***
(5.01)
LGDP² x PDI 0.0003***
(3.44)
LGDP x IND 0.0046***
(3.89)
LGDP² x IND 0.0005***
(4.13)
LGDP x UAI 0.0018**
(2.38)
LGDP² x UAI 0.0003***
(3.24)
LGDP x MAS 0.0023**
(2.52)
LGDP² x MAS 0.0002**
(2.19)
LGDP x LTO 0.0020
(1.54)
LGDP² x LTO 0.0002*
(1.88)
LGDP x IVR 0.0031***
(3.45)
LGDP² x IVR 0.0005***
(5.02)
LOPEN 0.0025 0.0408*** 0.0047 0.0303** 0.0227 0.0063 0.0128
(0.13) (3.57) (0.31) (1.98) (1.49) (0.36) (0.73)
LINVEST 0.0214*** 0.0204** 0.0232** 0.0628*** 0.0108 0.0256*** 0.0331***
(3.32) (2.33) (2.42) (6.30) (1.37) (4.63) (6.38)
LURBAN 0.1514 0.0593 0.2041*** 0.0347 0.0443 0.0109 0.1884
(1.35) (0.81) (3.02) (0.46) (0.56) (0.11) (1.54)
Year-ﬁxed effects Yes Yes Yes Yes Yes Yes Yes
Sargan test: p-value 0.5607 0.4469 0.3612 0.3401 0.4589 0.6667 0.5746
AR1: p-value 0.0092 0.0061 0.0073 0.0052 0.0074 0.0100 0.0037
AR2: p-value 0.5169 0.4292 0.4908 0.3177 0.4992 0.5387 0.7364
Observations 552 440 440 440 440 544 552
Number of countries 69 55 55 55 55 68 69
Note: Figures in parentheses are t-statistics. Superscripts *, **, *** indicate statistical signiﬁcance at 10%, 5%, and 1% levels, respectively.
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move the EKC upward and shift the income turning point to the
left, and (ii) individualism, uncertainty, and long-term orientation
move the EKC downward and shift the income turning point to
the right.
Our results suggest that culture may be a helpful “soft”
instrument in the quest to reverse the carbonization of the
environment. The immediate implications are two. Policies that
are effective in reducing carbon emissions in one country may not
be as effective in another. Moreover, because cultural character-
istics are embedded in societies and slow to change, the transfer
and application of the cultural dimension from one society to
another may be very limited in the short run. However, the
transfer of helpful cultural traits coupled with education may be a
policy with big payoff in the medium to longer run. By mobilizing
the powers of culture and by instituting a culture of shared
responsibility, institutional capacities can be strengthened to
effectively combat environmental degradation.Because of the impact of cultural factors as well as different
levels of income and development, we endorse the approach taken
in the global sustainability agenda that allows countries to set
their own environmental policy targets instead of adopting com-
mon targets for all countries. If policymakers want to succeed in
achieving sustainability and conserving remaining ﬂora and fauna,
it is imperative to recognize the diversity of cultures. In other
words, global targets and especially their regional implementation
should incorporate cultural factors. At the same time, we suggest
that while countries’ policymakers should develop different
incentives for addressing carbon emissions for different income
groups and, as important, they should differentiate incentives for
different cultural regions of their country. Similarly, future policy
and global initiatives in sustainable development should incor-
porate the multidimensional impact of culture on regional and
national behavior in the environment-economic growth nexus.
Finally, in an era of rapid globalization, the role of multinational
corporations is also important in the drive for global dec-
arbonization. Do multinationals adopt exactly the same policies as
M. Disli et al. / Renewable and Sustainable Energy Reviews 62 (2016) 418–428 427in their home country in controlling carbon emissions in their
foreign operations? Do they adjust their practices to income and
development levels? We now suggest that they should also start
adapting their policies to prevailing cultural factors in countries
where they operate.Acknowledgments
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